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Amended prior version 
IMPROVED TELESCOPE 

FIELD OF THE INVENTION 

The invention concerns* the spare Telescopes and larqe membraneous 
5 mirrors. 

STATE OF THE FORMER ART 

PERKINS and ROHRINCER (US 4 093 351 ), LE GRILL (Fr 2 662 512) F and many 
other authors describe membranous mirrors tied to a peripheral rigid 
structure and stiffened and shaped by mean's of electric charges. 
10 SILVERBERC, (WO 94/10721), describes a double flag membranous mirror, 
stiffened by surface charges, and shaped by outside fields created by a rigid 
support. 

& UI -II A I e t NI I U (Uii h J 18Z 51 £) descr i bes, fu» uic i n ul tr a h i g h t-frtqutney, a 
m i rro r obtainec hb y cur i n g a rotat i ng r c3in. 
15 LENINGRAD PREC MECH OPTI, (SU 1 61 5 655 A) describes a monolithic mirror 
self shapable made up of two piezoelectric thin plates closely in contact on 
their whole surface, this mirror being curved overall by a single electrode 
acting on one of the plates, and locally by discrete electrodes acting on the 
other plate. 

20 ANDREAS THEODORO AUGOUSTI (G8 2 247 323 A) describes a monolithic 
mirror self shapable made up of a deformable substrate covered on a face by 
a reflective surface and on the other face by a network of electrical 
conductors, the whole being located in a magnetic field with which the 
currents circulating In the conductors react. 

25 In these two last mirrors the electrodes or conductors in contact With the 
reflective surface oblige to a high thickness and/or a high rigidity to 
minimize the surface detects induced by these electrode* or conductors 
generative of electric and thermal constraints. 

None the preceding authors describes or evokes the folding of the mirrors. 
30 HUTCHINSON et al l (US P* t*nt N" 'r . ^ 7 describe the folding of a 

concave metallic membrane on a rn endreL but this folding seems be out of 
the topolog ical rules. 
COAL OF THE INVENTION 

The goal of the invention is to remove fflg defects of the former art. In particular the 
35 necessity of a heavy frame, and the inability to f old purely concave membranous mirror, 
SUMMARY OF THE INVENTION 

frfwre* t e l e scope c ompr i s ing a t l east a m em braneous m l rrcn 1 and a actuatirvg- 
m e mbrane 2 for shaping m i rror W 
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Macro and micro control. The SPa c* telescope according tn ihe Invention comprises atjgast 
* memhraneous mirror 1. an Actuating m e mbra ne Z for m icro shape fry mainly elettrottatfr 
action the mirror 1 . and a magne t ic field tied to the telescope for macro shape , the actuatin g, 
^mhnnp 7 hv electromagnetic action. 
5 ThP^ two level* nf shape control allow to a v oid th e di savantages of ANDREAS THEODOR Q 

AUGOU5TI 

Parabolic free and without contact membrane s, 

The mirror 1 and the actuating membrane 2 are tree t o their peripheries and are tied %p the 
t elescope bv moans of their central parr * r either directly or hv means of a device. 
10 T he Y do not t n— p^°"*i mnrarr hptv/e.n them, exeot possible common contact in antral 
part with the t elescope 

Magnetic diode *>r macro control A ma g n et i c dipnle c entered 0" the optfra| a?cis and tje d 
to the telescope genera a magnetic field ax ^ ™ ^ nptlcal axis and interacting W i th 
maonetic field of centered or disc r et coiis of the actuating membrane 
15 Para b olic nrem*H4*fK> 5. The membrttfieous m i rrc n-H — arid the auuuiii.y 
mem^ a n e 2. * i e m a de -b y sprca - d liia, d l iqui d M m 3 wh ich h n r dr n i o n th e 
su i fa cQ o f a li qu i d A contained i n a i l n u l u i co ntainer 5 rot n- T -tn g around a 
vert i cal asci - S T 

Th e m irror ^a iTtHthe- actuatin^ Tii L ii ibranc 2 a i^-H^ ^ uy ethc r by me ans of 
20 tfreti^eetH-i a lt :* Fla ng es 2.1 or 2.2, ^ Hr^W+r-ectly or b y mea n s of a cyli nder 

Ma^fvett c Uipo l e. A mag n et i c dlpo-te -p am llc l to the o pt i ca l- ox i s is rl gld l y-t red- 
te-th e t ele- s -c-crpe-r 

If on e G l cctrode H^-Ffn^em ^ n lcd by a sp i ral s h a p e d su if acc des i gn, it we*** 
25 by- fclcetrpatat i G effect - wh e n no -e t i rr e nt fl -o ws, an - d - by ma -^n^te-e-ffect when-a 
c urr e nt i s presc -n-t-r 

BRIEF DESCRIPTION OF THE FIGURES 

rig. 1 M i rror -H m d actuati n g m e mbra n e 2 

Fig . 2, 3 Membrane 2 on rot - at -r ng l i quid -r 

30 rig, 4, 5 Rtfhg and han d l e for Handli n g of the membra n e 2. 

r i g. 6 Membra n- e with downward flarrg esr 

rig. 7 M cmbrartft' - w t th upward flang e s 

r i g . 0, 0, 10 — Foid i ng - of th e m i rror - 
fig ] - fr/iirrnr I with actuating membrane 2 and magnetic dipok3 3 and 4. 
35 Fig 2 - Actuating membrane 2 with electrodes 

Fin ? 4. Folding of the mirror. 

1 1S T OF THE ITEMS 

^ - Membranous mirror 

2 - Actua ting membrane 
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3 - Peripheric coil inducing magnetic fig ld 

4 - Central device induct ing magnetic field 

^ - Circular catered electrode acting u pfln curvature of the actu ating membrane 2 
g - Circular local elect m rips having local effet on actuatin g merQbrane_2 
5 7 - Conduc ting *nrfarp nf fhp mirror 1 

a - Specific electrodes of the actuating membr ane 2 acting the mirror 1 
DETAILED DESCRIPTION 
Mirro r and actuat i ng m e mbrane 
rir.q t preferred i m plcm errWi<yn (rig. 2). 
10 O n lakes a li q uid 1 in gn -h or i zonta l c o ntainer 5 rotating s-m oothl y arou -rtd-a- 
v^itical axi^. T-h m, a small m ii u uni. n f u nn l h rr l i r n iiJ 3 Ifl poured over ifr-ttH- 
th e way to the e dg e 5.1 o f mnml i icr 5. 

T hi J new li qu id w i ll wet t he ert y . 5,1 mid w i ll - solFdiTy by upontanoouo or 
in duce d cur i n g th e re - by creating a m - e -m brane 2, 
15 ^co nd pr efer r ed lmp l c m entttt hmT^tH*tffei^om the on* b i f ui c i n that ihc 
l iquid 3 contains a dissolv e d piod u c t wh ic h, after evap or at ion of the l iquk r 
3, w i l l leave a f i-hrn o nt u t he u nd er l ying li qu i d. 
In a va riant e ase, 1iqu4d 3 a l so - e o ntains suspe n d e d fi b ers. 

=Ph i r d prefe u ed imple m e n tat io n (fl y , 2 ) . In this Cd^c, t h e liquid 3 on l y 
20 conta i ns suspend e d - r - i b ers wh ich , * d c i axapumlign, w i ll create a fibrous 
l ay e r sus -c eptibl - e -i :o receive a res i rt HHrafr-ea-n b e c ur ed, 

A-^Tro^tHfrKj layer is super im p o sed on the comp o s i te l ayer s o that-ttre- 
roWm ^5 of t hi s com -po sitc I ay<^ d^*^s-rre-^^ the surface -cH^H-H*- 

smooth in g l ayer -r or be smal l er as a -pre set v a-hrer 
25 Fourth preferred i mp lcment ^ a - t fon . I I d iffe r s f r o m the first ir r^ that the li quid 
3 i s obtained b y jin n ul taneous o r— co^s^ttt^r^ tw o differe nt- 

tf^-md-s-r 

f4ftfr-pr e f err e d Im plem en tation. Li quid 3 i o - ttb&em, an d the mem brane 2-i-s- 
fr i gat e d by a liqu i d o-r-a gaz that solidifies directly onto -the su-rfacc of-tire 
30 ma i n l i qu i d 4r 

R e fl e cti ng layer, A r cflect l ng - mc d ium is pu t on the membrane wh il e t t i s stH + 
mi the, rot a ti n g liquid 4 , name l y by t h e Hack i ng layers hav hrtg approp riate 
dielectric I n dices an d appropriate thickrre -s*rer 

Surfa c e des rg-n *. Wh i le i t is sti l l on-ma in liq ui d 4, the membran e 2 i s l ocally 
35 cov e red, by means i n acco rd ance w i th th e form e r art, w i th a condu -ettrrg- 
e o ver i ng ir i- t h e -i li a p c of surface desi gn * 7, in s u doing crea t ing a n umber of 
annu l a r e l ectr ode s cent-e-red on the - o pti ca l a xis, m liuy upon the ra d i t n n f 
c urvatur e, a -n d a num -b er of loca l electrodes act i rv g- upon f o cal d&fccts. 

I ■ MIRROR. ACTUATING MEMBRAN E. AND MAGNETIC DIPOLES 
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it is nhvi nus that, when the membr a nous mirror 1 and the actuating membrane 2 will be 
..nf „iW»H in snare. th»y Ho not will hff^ K s p ontaneously their original perfect parabp|ic 
shapjl 

M^r ^tic field t ied to the telescope 
5 Telescope is fitted at its bottom, a t t h e l e v el of The m irror , with dev|cg generating magnetic 
field centered on the axis ot t his telescope. 

a .irrnl.r roll made of rnnH.ir.tlno ele m ent axed on the OPtlca) 3X15 of The telescope , when 
aer ated hv an electric current, generat e * a magnetic field axed to the, axjs of the ^Imcorr . 
The mannetir field can hp generated hv a coil 3 of diameter egal or bjqer tha" the 
10 - membranes. " »y * ™i | or maonet 4 internal to th e rentral holes of the membranes^ 

thu magnetic field of the dipo lr- * Tir " : — vr»h the magnetic field g enered Ja e 
elerrrn Hes implemented on the ac t "a"no membrane allowing a macro control pf the , shape 

of this actu at ing membrane. 

Mirror and actuating membrane. 
1 5 snrfare circul ar electrodes on actuating memb rane. The memhranP ? is Ipcaily covered, 

hw means in accord ance wi th the former art, with a numbe r of ann ular conductive; electrodes , 

y centered on the optical axis, and a numb e r of local amilar conductive electrodes 6. 

Actuating coils..^ 

When thev are feeded bv electric c nrTtnt . discrete coils 5 and 6 of the actuating mgrnbrane .2 
20 oenerate magnetic fields interacting with the m a gnetic field of the the telescope, so as _ te 
maintain the desired shaoe of sai d membrane and to keen it centered on the optical axis of 
the telescope. 

The centered coils_J_flgnerate rr "°q"°*ir ^tina on the radius of courvature of 
the actuating memhran^ ? , a nd the local coils 6 generate local mannetir fields having local 
25 actions 

The actions o.f_coils 5 and 6 give an approximate parabolic shape to the .actuating membrane 
2 fitted with these coils 5 and 6. 

The final perfect parabolic shape is given Tn thft mirror membrane 1 by the electrostatiq 
forces existing between the cop Hnrt | P n surface 7 of the mirror membrane and electrodes 8 

30 present on actuating membrane 2. 

Electronic spread in the membrane. Stabilisat ion of system constituted by 
mirror 1 and actuating membrane 2. . The actuating membrane 2, while still 
o n li quid - 4t is locally covered, by means of the former art. with a thin 
structure identical to that ot an integrated multilayer circuit having 

35 conducting, insulating or semi conducting elements, contiguous or 
superimposed. 

Electrical supply of these surfaces designs is provided by surface conductors 
linked to a power supply through the center of the membrane. 



1 3/05/07-1 5-43 9 us 08/809,620 (TE200607 1 7c) 

ij/ua/i" Goulven VERNOIS - No new matter 

PAGE 9/12 * RCVD AT 5/1312007 10:25:47 AM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/17* DNIS:2738300 ' CSID:+3329761 1127* DURATION (mm-ss):03-54 



13/05/2007 16:30 +33297611127 VERNOIS GDULVEN PAGE 

1 3/05/07-1 5 43 1 0 US 08/809,620 (TE2006071 7c) 

Coulven VERNOIS - No new matter 

These surface designs IC, when integrated to the actuating membrane of the 
mirror, allows, according to the invention, through the use of a capacitive 
coupling between electrodes 8 of the a ctuating membrane 2 and the metallic , 
l ayer 7 of the mirror m e mbrane an d t h e m i r ror, a self control of the distance 
5 between mirror and membrane, and consequently the stabilization of the 
shape of the membranes without the intervention of the central system. 
Actuatm g coils. Telescope i s fitted at i ts bott o m, m the level of the mi rrorr 
with a co il ma de of con d uct i ng ckH Tfre-rrrs-r 

qFh c coi l s o created generates, when a c t i vat e d — by an electric current, a 
10 mag n et i c f i c H-d p aral lel t o th e ax i-s^o f the telescope. 

&i flcrQto c o i \ n 7 uT t lm actua t i ng me m brane will i nt e ract w it h this - magnetic 
f i e l d, s o as to - mainta i n t-h-e d e s i red - s -Jv apc of - ra id m em b rane and to k e e p it 
ee*rte red on - T ti e opt i ca l ax i s oT the telesc op e. 

The me mbr ane 2 - f itt ed w i th - c o il s 7 h-frs on l y-a -fi approx im ate sha pe, a-rrd- 
15 ^e fina l— s-h a p e « 3 g iven to the mir ror m embr a n e 1 b y the e l ect r ostat i c 
forces exist i ng - between the conduct i n g surface 8 of the m irror -membrane 
and elect ro des 0 p re s e nt on- me mbrane 2. 

M+wor — contr ol — Surfa« — ele ctron ic — c i rcu i t - s — i ntegra ted — to — tft-e — r*e-mbrane 
d u ring m a n ufact ur i n g, control th e pot en tia l s of -^tre-g4i*?trt^^ 
2 q t he m i rro r , as wel l as the m - a gri eUi He l d uT th e membra-trc coil^ and th e- 
magneti c fi el d -o f the te l es -c^o-per 

qrfre m e ta l l is e d m i fc m 0 o f t he mirror 1, o r any co - n d uct i ng - surface r- ^ rwfd- 
the r e- fket i v e surfa c e be dlfr l -fe e t ri c, wi l l iw tia l iy b - e - at 0 pote n t i a l . 
E l ectrodes 9 of actua t ing membrane 2 am act at p ositive or rrc^stth^- 
25 potential — and — a-s — a result, - de creas e — er — tr i ers — frfce— -retattve — distance 
between m i rror - a n d actu -a l -fug membran -er 

I n th i s m - fr tm er, i mpo rt ant l oca l - d r stors l on of the actuat i ng m e mbrane 2 will 
tre t prevent getting a -p e r fect shafTO - f or the m - r rrerr 

Macro and micro controls. The system, ac c ording to the invention. seo_arates long ranqq 
30 acliQiLa^irig on th e actuating membrane throug h the telesr ope , magnetic field Interactin g 
with the fields generatedbv current flowing in el e ctrodes 5 or_3 of the actuating membrane 
and short ranac action acting through electri r fiPlrK hetw^en metallic layer 7 of_ih£ 
membranous mirror and electrodes 8 of the actu^ ing membrane. 

M-acro and m i c ro controls. T h e system, anurding to c la im, se-p-arates lon-g- 
35 r a n ge act ion acting -^on th e act u ati n g memb r ane th ro ugh magnet i c f i e l ds 
i n te r act ing with the fie ld of the co il , and - ih o rL l a ng e m ii o n actin g t h r n nqh 
eiectr i c field b e twee n mem bre-rre-sr 
Rotat i rtg -eon tatner. 
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first pr efer r e d I mp le m e n tation (fig. 4 and 5). I he e dg e 5 .1 o f a circula r 
re tel l u y c ontain e r 5 i s ?w nwm« KiiU In co ntact w i t h a rin g 1 0 -travfmr 

tewtd lmy n mm i i * M , ^ l n.mil l '1 i "J rhh rin n to be grabb ed-am* 

^ken away fro - m the e-o^g-e-r 
5 Tt^-in^b^ ne 2 created when th e f i lm 3 ^lidi fi es, w ill -sl i ck t i n l ing 10 
th e r e b y al lo wing th i s ha n d l ing s 

Se con d pre f e rr ed -i mp lem en tation (rig. G). The u u ui dc wa l l 5-2 of th e 
co ntai n er i s a surface of revo l ut i on 

4 h c i nct nb i m i e 2 CAiuid a, h / mfn n i uf r u nne r a r t, with e q ual or gr eater 
10 Uue kii c^, o n the outs i d e wull 5.2 o f t he c onta in e r , previously - coated with a 

m>n-3ticki, i Lj p.ud un, and i n so do in g d o l i n g a peri pherrca l f l ange 2-3 t b*t 

i uu m^en Di e u l ffnc aa of th i n pe il ph ei y, U i m eb y allowin g rt - t o-i^weiH^t^ 

a n d faste r Its or i ginal sha p e. 

I t e n d s w i th - a t h i ck er-b and a ll ow i ng han dl ing. 
15 fn a var i ati on (f ig . 7), the membra n e extends on t h e i ns i de wa l l of t he 

c o ntainer i n-tf ie shape o f a f l ange 2. 4 h ig he i than the rotat i ng l iqu i d. 

T h ird p referred imp hm ic u tat i on (R y . G). T h e co n tainer - 5 h as a cent ral 

circular 4ro le 5 .3 li-mt ted by * a wait S. l hold i ng^ he Hqu - r dr 

T h e e Aiemal surface 5.5 o f ywul l 5. 1 (faci n g the axi^) l i a - > Um shape o f n- 

20 cy li ndr ic al or corn e al surfa ee of revo l ution. 

The mcmbr - iH^ 2 is extended, wi th increased thick n ess, o n th e ex t ernal 
surface 5,5, in- so do i ng- cr eat i ng an - a - n n u l ar ce ntr a l f l a nge 2.I.- 
fou r th p re ferred i m p l e m e ntati on . In a v arrt at i on, - t -h- e m em - bran e is ex t end e d -: 
by— a f l ange 2,2, i n the i ns i de suffic e of t-ht» wa ll of t he co ntainer -and- 

25 thci cfare. r aised abo ve the rotat i n g li quid. 

qFw^- examp l es -o f arreng e mc n t (fig. 4 3) -rt ow parallel mcmb t an e s an d back to 
back rm^ mbr anes- 

ll - MIRROR AND MEMBRANE FOLDING fFio. 4. 5. 6. 7) M-hrror a n d nr e m b r a rte H^oitHrvfr 
(Ti g . 0, Q, 1 0) . The mirror 1 and the actuating membrane 2 are made totally 
30 or in part of a materiaf with shape memory. 

After manufacturing, the mirror 1 and the membrane 2 are distorted in such 
a way that this distorsion Is retained until new conditions appear, that brings 
back the initial shape. 

The membranes are concave; if one pushes (Fig. 8). the bouom of the 
35 concavity, at its center and perpendicularly to the tangent plane, it results a 
symmetrical circular distorsion which will intrude into the concavity. 
Examination of this previously concave surface then reveals a concave 
peripheral ring and a central convex surface. 
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This central convex surface is equally pushed in the same conditions as 
before, and a new element of concave centered surface can be seen. 
Pursuing with the creation of alternately concave and convex surfaces, one 
obtains a surface resembling a series of circular, centered waves (Fig. 8, 9, 
5 10). 

I he thickness of this fuldiny, that Is tb ^ r r ^ f to crest distance,, can 

be small as one wishes. It only requires an increase in the number of waves. 
For example, the figure 6 shows a cut in aconcave membr anp of anv diameter, with a great 
number of waves, 

10 For practical drawing reasons, in particular for scale, the waves are invisible, ano* this cut Is 
shown bv a narrow line, however large Is Th.e_CQnc*ve mem.bxan^ 

Once these waves fixed according to proper physical conditions, the almost 
flat Object SO obtained can b«i scro ll e d len gth w i se wound onto itself, as a fla& 
paper circular disk .. 
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